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INTRODUCTION
essential oils are secondary metabolic of plants used as an interesting alternative to improve animal production (Benchaar et al. 2008 , Chouhan et al. 2017 ) due to their antibacterial, antifungal, anticoccidial and antioxidant properties (Miguel oil is composed mainly by carvacrol (80 %), a monoterpene with antioxidant and antibacterial properties (Jayakumar et al. 2012) , as observed for cinnamaldehyde (Helander et al. 1998 , Barnwal et al. 2018 . essential or their compounds may be used as feed additives for dairy calves, these ingredients give rise to the products known as phytogenic. Newborn animals are highly susceptible to infections, mainly by gastrointestinal infections caused by bacteria and protozoans, which cause diarrhea, and consequently, economic loss (Wattiaux 2012) . In this sense, the elimination of pathogenic bacteria, the reduction of diarrhea and the improvement of the antioxidant system may contribute to enhance animal health and growth rates, promoting earlier physical and sexual maturity. therefore, the aim of this study was to evaluate whether the addition of phytogenic product as feed additive exerts beneficial effects on calves's health, as well as in the prevention of protozoans or bacterial infections, and consequently, reduction of the incidence of diarrhea and improvement of early life development.
MATERIALS AND METHODS
etHICS COMMIttee this study was approved by the ethical and Animal Welfare Committee of the Universidade do estado de Santa Catarina (UDeSC) under protocol number 4964301116.
PHYtOGeNIC PRODUCt the phytogenic product used in this study is based on components of the following essential oils as carvacrol, cinnamaldehyde, eucalypt aroma and paprika oleoresin (Activo Calf ® ). ANIMAlS, eXPeRIMeNtAl DeSIGN AND DIetS this study was conducted in a commercial dairy farm located in Xanxerê city (Santa Catarina, Brazil) selected due to its optimal facilities and management, despite high sanitary challenge and animal mortality (neonatal mortality of approximately 25 %.), i.e., the presence of preventive measures was unable to prevent the occurrence of diarrhea and pneumonia. thirty newborn calves (Holstein with average weight of 42.04 ± 3.50 kg) were used as the experimental model. It is important to emphasize that animals were monitored until weaning, which occurred on day 60 of life. Newborn calves were housed in individual stalls and received two liters of colostrum (quality evaluated using the refractometer type Brix, considering a limit of 21 %, i.e., > 50 mg of Immunoglobulins/mL) up to the first six hours after birth. In addition, the animals received three liters of milk twice a day, with access to concentrate and water ad libitum. With 15 ± 3 days of life, the calves were grouped in collective stalls with the capacity of 15 animals, with automatic milk feeding (6 liters per day), concentrate, tifton 85 hay (10.7 % crude protein) and water ad libitum. the nutritional and chemical composition of the concentrate are shown in table I. the concentrate was produced in the farm and it was mainly composed of corn bran and soybean meal.
the calves were randomly divided into two groups (control and oil-treated) of 15 animals each. treated animals received 10 g of the product diluted in milk from birth up to 30 days of life twice a day via bottle.
DIARRHeA INCIDeNCe AND BODY WeIGHt the occurrence of diahrrea was observed daily following the methodology described by larson et al. (1977) , which is based on fecal score and fluidity: (1) normal and solid; (2) pasty but with health aspect; (3) aqueous consistency and (4) fluid consistency.
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SAMPle COlleCtION
The first blood collection occurred in the first 24 hours of life, after colostrum consumption (day 1), while the other samplings (blood and feces)
were performed on days 15, 30, 45 and 60 of life.
Blood collection was performed directly from the jugular vein using tubes containing eDtA (10 %) for hematocrit and into tubes without this anticoagulant. Samples collected into tubes without anticoagulant were centrifuged at 7000 rpm during 10 min to obtain sera which were transferred to microtubes and stored at -20 ºC until utilization. Fecal samples were obtained directly from the rectal ampule, which were stored at 8 ºC until utilization. One portion of each fecal sample was used for bacterial counts, and the other portion for protozoan research. HeMAtOCRIt the hematocrit was performed up to 2 h after blood collection. the microhematocrit was performed using capillaries tubes after a centrifugation at 10000 rpm during 3 min. the percentage of erythrocytes was evaluated using a reading card, as preconized by Feldman et al. (2000) .
SeRUM BIOCHeMIStRY
Seric levels of total protein, albumin, urea, glucose, cholesterol and triglycerides were measured through the semi-automated analyzer BioPlus 2000 ® using commercial kits (Analisa Gold ® ) following manufacturer's recommendations. the globulin levels were obtained by mathematic calculi (total protein -albumin).
SeRUM ANtIOXIDANt/OXIDANt StAtUS Serum lipid peroxidation was determined according to the methodology described by Jentzsch et al. (1996) , which measures the levels of malondialdehyde (MDA) by thiobarbituric acid reactive substance (tBARS), and results are expressed as µm MDA/ml. the serum ROS levels were quantified by fluorimetric method of diacetate dichlorofluoresce in (DCFH-DCF) (Ali et al. 1992) , and the results were expressed as U DCF/ml the activity of the antioxidant enzyme glutathione S-transferase (GSt) was analyzed in serum using the method described by Habig et al. (1974) , and the results were expressed as μmolCdnb/min/mL. A portion of fresh fecal sample was used to perform the total bacterial count. For this, 1 gram of feces was diluted in 9 mL of buffered peptone water, followed by seven more seriated dilutions. From dilution seven and eight, aliquots of 1 ml were incubated into total aerobic count plates (3M Petrifilm ® Plate). this plate is a system of culture medium ready for use which contains all nutrients of the standard method, as well as an indicator that facilitates colony counting and the results were expressed as CFU/g of feces.
PARASItOlOGICAl eXAMINAtION
Parasitological examination was performed to determine the presence of Cryptosporidium spp. and Eimeria spp. oocysts, as well as cysts of Giardia duodenalis. For this, 2 g of feces were processed using the centrifugal-flotation technique with a hypersaturated sugar solution, according to the methodology described by Monteiro (2010) .
StAtIStICAl ANAlYSIS
The data from 30 animals were firstly evaluated by descriptive statistics for contingency of information and for further assumptions which are presented as mean and standard deviation. All covariates were tested for normality using the Shapiro-Wilk test (Shapiro-Wilk 1965) , and the skewness, kurtosis and homogeneity by the Levene test. the data did not show normal distribution, and were transformed to logarithm and normalized, with the exception of the total bacterial count data. A repeated measure t-test was used to examine differences of the parameters between control and treated groups. All parameters compared mean between groups in the Student's t-test (controlling for data dependency due to dependence in time) was used to analyze all parameters at each time period (days 1, 15 and 30, 45 and 60 of the experiment). For total bacterial counts a nonparametric test was used by Kruskal-Wallis test. the chi-square test was used to verify the occurrence of diarrhea and the presence of parasites (Giardia and Eimeria) between groups. All plots were visualized using the ggplot2 package (Wickham 2009 ). It was considered significantly different when P<0.05. the statistical process was performed using R-language, v.2.15.1 (R Development Core team 2012).
RESULTS

WeIGHt AND WeIGHt GAIN
No difference was observed between groups regarding "body weight" on days 1 (control: 43±2.4; treated: 42 ± 2.0 -P=0.854), 60 (control: 78±5.1; treated: 82±4.6 -P=0.235) and 210 (control: 161 ± 11.3; treated: 172 ± 10.7 -P=0.095) of life. throughout the time, body weight gain was observed in both groups at three times: 1 to 60; 1 to 210 and 60 to 210 (P <0.05).
Higher "weight gain" was observed on days 1 to 60, and 1 to 210 on treated animals compared to the control group (Figure 1) . On day 210 of life, control and treated animals showed a daily weight gain of 569 and 641 g, respectively.
HeMAtOCRIt AND SeRIC BIOCHeMIStRY
On days 45 and 60 of life it was observed a significant difference between groups regarding hematocrit (table II) . throughout the time, hematocrit increased in the treated group (table II) . the comparison between groups at different times was presented in table II. the serum levels of urea, total proteins and globulins were lower in the treated group on day 60 of life compared to the control group, while albumin levels were not different (Table II) . Throughout the time, the total protein and globulin levels increased in the control group from days 1 to 60. the serum levels of glucose, triglycerides and cholesterol are shown in the Table II . No difference was observed between groups regarding cholesterol levels in all evaluated moments. On the other hand, serum levels of glucose were lower in treated animals on day 60 of life, while triglycerides levels were lower on days 15 and 60 of life compared to the control group.
In the analysis of results over time (repeated measures), it was also presented in table II. In the control group, there was an increase over time in the levels of urea, total proteins, albumin and globulins (table II) . Cholesterol levels over time increased in both groups (table II) . However, glucose and triglyceride levels did not differ (P> 0.05) over time in both groups (table II) .
OXIDANtS AND GlUtAtHIONe S-tRANSFeRASe ACtIVItY
No difference between groups was observed regarding ROS and tBARS levels. However, the serum GSt activity was higher in treated animals on day 60 of life compared to the control group. throughout time, serum levels of ROS and tBARS reduced in both groups, as well as increased activity of GSt in the animals of the treated group (table  III) .
FeCAl BACteRIAl COUNt
Fecal bacterial counts were lower in treated animals on days 30 and 60 of life compared to the control group (Figure 2) . throughout time, it was observed a numerical reduction on bacterial counts of both groups. The reduction was significant on days 30 to 45 in the control group (P = 0.036) and on days 45 and 60 in treated animals. No difference was observed between groups regarding the incidence of diarrhea. However, it is important to emphasize that this clinical sign was observed in 73.3 % of control animals and 40 % of treated animals on day 15 of life. On day 30, diarrhea was observed in 1 or 2 animals per group.
DISCUSSION
Animals treated with phytogenic product obtained higher weight gain, which may be a direct or indirect effect of the treatment. Indirectly, this weight gain may be linked to improved animal health due to the stimulation of the immune and antioxidant systems, as well as in the reduction of fecal bacterial counts. Directly, it may be associated with higher consumption of the concentrate stimulated by the oil product, a fact proved by a positive correlation between weight gain and concentrate levels (Bartle et al. 1994) . In this sense, some studies indicated that the use of oregano and/or cinnamon essential oils as additives improve piglets performance (Franz et al. 2010) .
Origanum vulgare (oregano) essential oil has the capability to induce a significant increase on GSt activity (lam and Zheng 1991) , in accordance to what was observed in this study. However, this oil has monoterpene carvacrol as its main compound (Jayakumar et al. 2012) , which exerts a potent antioxidant effect (Barnwal et al. 2018) . Although this treatment caused a stimulation of the antioxidant system, no effects were observed regarding levels of free radicals and lipid peroxidation.
In piglets, the addition of essential oils reduced the occurrence of diarrhea and decreased the number of Escherichia coli in fecal samples (li et al. 2012) . According to the literature, the carvacrol and cinnamaldehyde, which are components of the cinnamon oil, exert an inhibitory effect against E. coli and Salmonella typhimurium (Helander et al. 1998 , Friedman et al. 2004 , important diarrheic agents. According to Helander et al. (1998) , the action mechanism involved in carvacrol against E. coli is associated with disintegration of cell membrane and release of organelles in the extracellular medium. In this present study, the animals treated with the commercial product showed lower fecal bacterial counts, which can be related to an antibacterial action of the components present in this product. even though it was not evaluated in this study, Giannenas et al. (2003) demonstrated that O. vulgare essential oil has potent anticoccidial effects in birds experimentally infected by Eimeria tenella. the hematocrit count was higher in treated animals on days 45 and 60 of life, in agreement with Al-Kassie (2009) while studying broilers fed with a diet supplemented with cinnamon oil. On the other hand, this result was not observed in birds (Hashemipour et al. 2013 , Saadat Shad et al. 2016 ) and fish (Ahmadifar et al. 2011 , Yilmaz et al. 2015 fed with thymol or carvacrol.
Serum urea, total proteins and globulins levels were lower in treated animals on day 60 of life, as observed by Al-Kassie et al. (2009) in broilers that received cinnamon oil. On the other hand, levels of serum total protein were not influence by the addition of cinnamon oil in the diet of sheep (2016) , that did not observe differences in birds treatment with carvacrol and thymol. Serum glucose levels were lower in treated animals on day 60 of life, in disagreement with Santos et al. (2015) . According to these authors, serum glucose levels were not affected in calves supplemented with a product based on essential oils. Possibly, the animals from the treated group consumed preferably concentrate, while the control group consumed a liquid diet. According to Quigley and Bernard (1991) and Santos et al. (2015) , animals that consume liquid diet showed major concentrations of glucose in comparison to those receiving solid diets, since these animals use fatty acids of short chain as a source of energy.
However, we cannot assure that the essential oils influenced the consumption of concentrate, since animal consumption was not a parameter evaluated in this study.
Based on these evidences, we concluded that the addition of phytogenic product as feed additive of calves was able to minimize bacterial infections and to improve their overall health during breastfeeding, as well as it caused weight gain and enhanced animal performance. therefore, it can be considered a potential additive to be used in the diet since affected positively the animal growth, as well as exerted antimicrobial and antioxidant effects.
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